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© System for determining pneumatic tire pressure for motor vehicle. 



© The rotational speed difference between rota- 
tional speeds of front and rear road wheels of a 
motor vehicle is weighted by a first ratio, and the 
difference between the rotational speed difference 
between rotational speeds of front left and right road 
wheels and an average signal of reference steering 
angle or between the rotational speed difference 
between rotational speeds of rear left and right road 
wheels and the average signal of reference steering 
angle is weighted by a second ratio. A sum signal 
representative of the sum of the rotational speed 
difference weighted by the first ratio and the dif- 
ference weighted by the second ratio is used to 
determine a pneumatic tire pressure reduction highly 
accurately even when running conditions of the mo- 
tor vehicle change such as when the motor vehicle 
makes a turn. 
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The present invention relates to a system for 
determining the pressure of a pneumatic tire for 
use on a motor vehicle such as an automobile, and 
more particularly to an improvement in such a 
pneumatic tire pressure determining system for 
determining the pressure of a pneumatic tire highly 
accurately. 

Known pneumatic tire pressure determining 
systems are disclosed in Japanese patent publica- 
tion No. 56-10202 and Japanese laid-open patent 
publication No. 63-305011, for example. 

The pneumatic tire pressure determining sys- 
tem disclosed in Japanese laid-open patent pub- 
lication No. 56-10202 has pressure sensors at- 
tached to respective road wheels. The pneumatic 
tire pressure determining system disclosed in Jap- 
anese laid-open patent publication No. 63-305011 
detects the angular velocities of road wheels, and 
compares the angular velocity of each of the road 
wheels with the average value of the angular ve- 
locities of the road wheels for determining a reduc- 
tion in the pneumatic pressure in any of the tires of 
the road wheels. 

The pneumatic tire pressure determining sys- 
tem disclosed in the latter publication cannot deter- 
mine the pneumatic tire pressures highly accu- 
rately and hence is not highly reliable. Specifically, 
because only the angular velocities of the road 
wheels are used as a reference value, the dif- 
ference between radii of curvature of paths of the 
road wheels cannot be calculated while the motor 
vehicle is making a turn. The steering system of 
the motor vehicle tends to suffer a mechanical 
error even when the motor vehicle is running 
straight. Consequently, the disclosed pneumatic 
tire pressure determining system can determine a 
reduction in the pneumatic tire pressure only in a 
certain range of motor vehicle motions. 

It is therefore an object of the present invention 
to provide a pneumatic tire pressure determining 
system capable of detecting the pressure of a 
pneumatic tire highly accurately in such a range of 
motor vehicle motions which has prevented the 
conventional pneumatic tire pressure determining 
system from determining a s^doefom in the pneu- 
matic tire pressure. 

According to the present invention, there is 
provided a system for determining a pneumatic tire 
pressure of road wheels on a motor vehicle, com- 
prising first differential speed means for detecting a 
front rotational speed difference between rotational 
speeds of front left and right road wheels of the 
motor vehicle, second differential speed means for 
detecting a rear rotational speed difference be- 
tween rotational speeds of rear left and right road 
wheels of the motor vehicle, running condition de- 
tecting means for detecting a running condition of 
the motor vehicle, reference differential speed cal- 



culating means for calculating a reference rotational 
speed difference between rotational speeds of the 
front left and right road wheels based on an output 
signal from the third means, first pressure reduc- 

5 tion determining means for comparing the front 
rotational speed difference and the rear rotational 
speed difference to determine a pneumatic tire 
pressure reduction of the front left and right road 
wheels or the rear left and right road wheels, sec- 

io ond pressure reduction determining means for 
comparing the front rotational speed difference or 
the rear rotational speed difference and the refer- 
ence rotational speed difference to determine a 
pneumatic tire pressure reduction of one of the 

75 front left and right road wheels or the rear left and 
right road wheels, and final pressure reduction de- 
termining means for determining a pneumatic tire 
pressure reduction from output signals from the 
first pressure reduction determining means and the 

20 second pressure reduction determining means 
based on a first ratio in the first pressure reduction 
determining means and a second ratio in the sec- 
ond pressure reduction determining means. 

The system may further comprise ratio varying 

25 means for varying the first ratio and the second 
ratio based on the running condition detected by 
the running condition detecting means. 

The above and further objects, details and ad- 
vantages of the present invention will become ap- 

30 parent from the following detailed description of a 
preferred embodiment thereof, when read in con- 
junction with the accompanying drawings. 

FIG. 1 is a block diagram of a system for 
determining a pneumatic tire pressure according 

35 to the present invention; 

FIG. 2 is a detailed block diagram of a controller 
of the system shown in FIG. 1 ; and 
FIG. 3 is a graph showing ratio vs. steering 
angle characteristics of the system shown in 

40 FIG. 1 . 

As shown in FIG. 1, a rear-wheel-drive motor 
vehicle such as an automobile has a front left road 
wheel 1 1 FL, a front right road wheel 1 1 FR, a rear 
left road wheel 1 1 RL, and a rear right road wheel 

45 11RR. The motor vehicle has a steering wheel 13 
which is operatively coupled to the front left and 
right road wheels 11FL, 11FR through a known 
steering mechanism 12 for turning the front left and 
right road wheels 1 1 FL, 1 1 FR to steer the motor 

50 vehicle. The motor vehicle also has a power unit or 
engine 15 that is operatively connected to the rear 
left and right road wheels 11RL, 11RR through a 
final speed reducer mechanism or differential 14 
for driving the rear left and right road wheels 1 1 RL, 

55 1 1 RR. 

A pneumatic tire pressure determining system 
according to the present invention is incorporated 
in the motor vehicle shown in FIG. 1 , and includes 



3DOCID: <EP 0650856A1_I_> 



/ 



3 EP 0 650 

wheel sensors 16FL, 16FR, 16RL, 1 6RR associated 
respectively with the front left road wheel 1 1 FL, the 
front right road wheel 11FR, the rear left road 
wheel 1 1 RL, and the rear right road wheel 1 1 RR for 
individually detecting respective rotational speeds 5 
thereof, and a steering sensor 17 associated with 
the steering mechanism 12 for detecting a steering 
angle, i.e., an angle through which the steering 
wheel 13 has been turned. The wheel sensors 
16FL, 16FR, 16RL, 16RR and the steering sensor 10 
17 are electrically connected to a controller 18 of 
the pneumatic tire pressure determining system. 
To the controller 18, there are also electrically 
connected a lateral acceleration sensor 19 for de- 
tecting a lateral acceleration of the motor vehicle, 75 
i.e., an acceleration of the motor vehicle in the 
transverse direction thereof, a longitudinal accelera- 
tion sensor 20 for detecting a longitudinal accelera- 
tion of the motor vehicle, i.e., an acceleration of the 
motor vehicle in the longitudinal direction thereof, a 20 
brake sensor 21 for detecting a depressed stroke 
of the brake pedal of the motor vehicle, an accel- 
erator sensor 22 for detecting a depressed stroke 
of the accelerator pedal of the motor vehicle, a 
transmission sensor 26 for detecting a gear posi- 25 
tion of the transmission combined with the power 
unit 15 of the motor vehicle, and an alarm unit 23 
such as warning lamps, speakers, buzzers or the 
like. The longitudinal acceleration sensor 20 may 
comprise a differentiating circuit for calculating the 30 
derivatives of the rotational speeds of the road 
wheels, i.e., the accelerations of the road wheels. 

As shown in FIG. 2, the controller 18 has a first 
subtractor 24 and an adder 28 which are connected 
to the wheel sensors 16FL, 16FR associated with 35 
the respective front left and right road wheels 1 1 FL, 
11FR, and a second subtractor 25 which is con- 
nected to the wheel sensors 16RL, 16RR asso- 
ciated with the respective rear left and right road 
wheels 11RL, 11RR. The first subtractor 24 is con- 40 
nected through a low- pass filter 29 to a first steer- 
ing angle converter 31. The first subtractor 24 
deducts an output signal FR of the wheel sensor 
16FR from an output signal FL of the wheel sensor 
16FL, and outputs a differential signal (FL - FR) 45 
representative of the difference between the rota- 
tional speeds of the front left and right road wheels 
11FL, 11FR. The second subtractor 25 is con- 
nected through a low-pass filter 30 to a second 
steering angle converter 32. The second subtractor 50 
25 deducts an output signal RR of the wheel sen- 
sor 16RR from an output signal RL of the wheel 
sensor 16RL, and outputs a differential signal (RL - 
RR) representative of the difference between the 
rotational speeds of the rear left and right road 55 
wheels 11RL, 11RR. 

The adder 28 is connected through a reference 
wheel speed difference calculating circuit 51 and a 
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low-pass filter 52 to a reference steering angle 
converter 53. The steering sensor 17 is connected 
to apply a steering angle signal P to the reference 
wheel speed difference calculating circuit 51. The 
adder 28 adds the output signal FL of the wheel 
sensor 16FL and the output signal FR of the wheel 
sensor 16FR to each other, and outputs a sum 
signal (FL + FR) representative of the sum of the 
rotational speeds of the front left and right road 
wheels 11FL, 11FR. 

The first steering angle converter 31 is sup- 
plied with a vehicle speed signal V from a vehicle 
speed sensor 50 (see also FIG. 1), and has an 
output terminal connected to a first averaging cir- 
cuit 33. The first steering angle converter 31 cal- 
culates a steering angle from the differential signal 
(FL - FR) from the first subtractor 24 and the 
vehicle speed signal V, and applies a signal indica- 
tive of the calculated steering angle to the first 
averaging circuit 33. The second steering angle 
converter 32 is also supplied with the vehicle 
speed signal V from the vehicle speed sensor 50, 
and has an output terminal connected to a second 
averaging circuit 34. The second steering angle 
converter 32 calculates a steering angle from the 
differential signal (RL - RR) from the second sub- 
tractor 25 and the vehicle speed signal V, and 
applies a signal indicative of the calculated steering 
angle to the second averaging circuit 34. 

The vehicle speed sensor 50 may comprise a 
circuit for calculating an average value of the out- 
put signals from the wheel sensors 16FL, 16FR, so 
that the vehicle speed is represented by the aver- 
age value of the rotational speeds of the front road 
wheels 11FL, 11FR that are driven road wheels. 

The reference wheel speed difference calculat- 
ing circuit 51 calculates a differential signal {(FL + 
FR) - P} representing the difference between the 
sum signal (FL + FR) from the adder 28 and the 
steering angle signal P from the steering sensor 
17. 

The reference steering angle converter 53 is 
supplied with the vehicle speed signal V from the 
vehicle speed sensor 50, and has an output termi- 
nal connected to a third averaging circuit 54. The 
reference steering angle converter 53 calculates a 
reference steering angle from the sum signal (FL 
+ FR) from the adder 28, the steering angle signal 
P from the steering sensor 17, and the vehicle 
speed signal V from the vehicle speed sensor 50, 
i.e., calculates a reference steering angle as con- 
verted from the differential signal {(FL + FR) - P} 
which is outputted from the reference wheel speed 
difference calculating circuit 51. Then, the refer- 
ence steering angle converter 53 and applies a 
signal indicative of the calculated reference steer- 
ing angle to the third averaging circuit 54. 
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The first and second averaging circuits 33, 34, 
to which an inhibit condition setting circuit 37 is 
connected, have respective output terminals con- 
nected to respective first and second pressure re* 
duction determining circuits 35, 36. The first aver- 5 
aging circuit 33 stores output signals from the first 
steering angle converter 31 during a predetermined 
period of time, updates the oldest stored data each 
time an output signal is supplied from the first 
steering angle converter 31, and calculates the io 
average value of the output signals from the first 
steering angle converter 31 during the predeter- 
mined period of time. When a determination per- 
mission signal is supplied from the inhibit condition 
setting circuit 37, the first averaging circuit 33 75 
applies an average signal A that represents the 
average value (estimated steering angle) of the 
calculated steering angles during the predeter- 
mined period of time, to the first pressure reduction 
determining circuit 35. Similarly, the second aver- 20 
aging circuit 34 stores output signals from the 
second steering angle converter 32 during a pre- 
determined period of time, updates the oldest 
stored data each time an output signal is supplied 
from the second steering angle converter 32, cal- 25 
culates the average value of the output signals 
from the second steering angle converter 32 during 
the predetermined period of time, and applies an 
average signal B that represents the average value 
(estimated steering angle) of the calculated steer- 30 
ing angles during the predetermined period of time, 
to the second pressure reduction determining cir- 
cuit 36 when a determination permission signal is 
supplied from the inhibit condition setting circuit 
37. 35 

The third averaging circuit 54, to which the 
inhibit condition setting circuit 37 is also connect- 
ed, has an output terminal connected to the second 
pressure reduction determining circuit 36. The third 
averaging circuit 54 stores output signals from the 40 
reference steering angle converter 53 during a pre- 
determined period of time, updates the oldest 
stored data each time an output signal is supplied 
from the reference steering angle converter 53, 
calculates the average value of the output signals 45 
from the reference steering angle converter 53 
during the predetermined period of time, and ap- 
plies an average signal C that represents the aver- 
age value (estimated steering angle) of the cal- 
culated steering angles during the predetermined 50 
period of time, to the second pressure reduction 
determining circuit 36 when a determination per- 
mission signal is supplied from the inhibit condition 
setting circuit 37. 

The inhibit condition setting circuit 37 has out- 55 
put terminals connected to the first and second 
averaging circuits 33, 34, as described above, and 
also to the third averaging circuit 54. The inhibit 



condition setting circuit 37 has input terminals con- 
nected to the vehicle speed sensor 50, the wheel 
sensors 16FL, 16FR, 16RL, 16RR, the steering 
sensor 17, the lateral acceleration sensor 19, the 
longitudinal acceleration sensor 20, the brake sen- 
sor 21, and a torque estimating circuit 38. The 
inhibit condition setting circuit 37 processes de- 
tected signals from these sensors and circuit, and 
outputs a determination inhibit signal when one of 
inhibit conditions is satisfied, i.e., when the vehicle 
speed is zero or in a low-speed range lower than a 
predetermined vehicle speed, or when the brake 
pedal is depressed to brake the motor vehicle, or 
when the road wheels suffer rotational vibrations as 
upon traveling on rough terrain, or when the lateral 
acceleration is not in a predetermined range, or 
when the steering angle is not in a predetermined 
range, or when the longitudinal acceleration is not 
in a predetermined range, or when the output 
torque of the engine is not in a predetermined 
range, and outputs a determination permission sig- 
nal otherwise. The torque estimating circuit 38 es- 
timates the output torque of the power unit or 
engine 15 based on the output signal from the 
accelerator sensor 22. 

The first pressure reduction determining circuit 
35 has input terminals connected to the first and 
second averaging circuits 33, 34, respectively, and 
an output terminal connected to a final pressure 
reduction determining circuit 61. 

The first pressure reduction determining circuit 
35 calculates a differential signal (A - B) represent- 
ing the difference between the average signal A 
from the first averaging circuit 33 and the average 
signal B from the second averaging circuit 34, and 
weights the differential signal (A - B) by multiplying 
the differential signal (A - B) by a predetermined 
first ratio K1. The first pressure reduction determin- 
ing circuit 35 outputs a signal {(A - B) x K1 } to the 
final pressure reduction determining circuit 61. 

The second pressure reduction determining cir- 
cuit 36 has input terminals connected to the first, 
second, and third averaging circuits 33, 34, 54, 
respectively, and an output terminal connected to 
the final pressure, reduction determining circuit 61. 

The s-.s- :ond< ©rasswro; redtoefian dsfc . .nining cir- 
cuit 36 caiisVietas a d;ne rant/ai? sigra- (A - C) repre- 
senting the difference between the average signal 
A from the first averaging circuit 33 and the aver- 
age signal C from the third averaging circuit 34, 
and a differential signal (B - C) representing the 
difference between the average signal B from the 
second averaging circuit 33 and the average signal 
C from the third averaging circuit 34, and weights 
the differential signals (A - C), (B - C) by multiply- 
ing the differential signals (A - C), (B - C) by a 
predetermined second ratio K2. The second pres- 
sure reduction determining circuit 36 outputs sig- 
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nals {(A - C) x K2}, {(B - C) x K2} to the final 
pressure reduction determining circuit 61. 

The final pressure reduction determining circuit 
61 is supplied with both a sum signal {(A - B) x K1 
+ (A - C) x K2} representing the sum of the signal 
{(A - B) x K1 } and the signal {(A - C) x K2} and a 
sum signal {(A - B) x K1 + (B - C) x K2} 
representing the sum of the signal {(A - B) x K1} 
and the signal {(B - C) x K2}. The final pressure 
reduction determining circuit 61 determines the 
pneumatic tire pressures based on the supplied 
signals. 

The first and second ratios K1, K2 are deter- 
mined such that the sum of these first and second 
ratios K1, K2 is equal to 1 (K1 + K2 = 1). The first 
and second ratios K1, K2 are written in respective 
memories (not shown), such as RAMs, in the first 
and second pressure reduction determining circuits 
35, 36. The first and second ratios K1, K2 are set 
to predetermined values that are suitable for the 
motor vehicle. 

The output terminal of the steering sensor 17 is 
connected to a ratio varying circuit 62 whose out- 
put terminals are connected respectively to the first 
and second pressure reduction determining circuits 

35, 36. 

The ratio varying circuit 62 has a memory 
storing a data table which contains various com- 
binations of first and second ratios K1, K2 cor- 
responding to various steering angle signals P. In 
response to a detected steering angle signal P 
from the steering sensor 17, the ratio varying cir- 
cuit 62 reads a combination of first and second 
ratios K1, K2 which corresponds to the detected 
steering angle signal P, and supplies the first and 
second ratios K1, K2 respectively to the first and 
second pressure reduction determining circuits 35, 

36. The first and second ratios K1, K2 written in the 
memories of the first and second pressure reduc- 
tion determining circuits 35, 36 are replaced with 
the first and second ratios K1 , K2 supplied from the 
ratio varying circuit 62 to the first and second 
pressure reduction determining circuits 35, 36. 

FIG. 3 shows the relationship between the first 
and second ratios K1 , K2 and the steering angles P 
stored in the data table of the ratio varying circuit 
62. As shown in FIG. 3, the first ratio K1 linearly 
decreases and the second ratio K2 linearly in- 
creases as the steering angle P increases. When 
the steering angle P reaches and increases beyond 
a predetermined value, the first and second ratios 
K1, K2 become and remain substantially constant. 
While the steering angle signal P is used as a 
running condition in the ratio varying circuit 62 in 
the illustrated embodiment, a yaw rate or a lateral 
acceleration may be used as a running condition in 
the ratio varying circuit 62. 



0650856A1 l_> 



The final pressure reduction determining circuit 
61 has an output terminal connected to the alarm 
unit 23. The alarm unit 23 may comprise warning 
lamps or buzzers corresponding to the respective 
5 pneumatic tire pressures of all the road wheels. In 
response to a drive signal from the final pressure 
reduction determining circuit 61, the alarm unit 23 
selectively energizes or turns on and off the warn- 
ing lamps, the speakers, or the buzzers to warn the 
70 driver of the motor vehicle. 

The pneumatic tire pressure determining sys- 
tem according to the present invention does not 
determine whether a pneumatic tire pressure has 
dropped or not when at least one of the following 
75 conditions (inhibit conditions) a, b, c, d, e, f, g is 
satisfied, i.e., when the motor vehicle operates un- 
der a stable condition: 

a: the motor vehicle is not running; 
b: the motor vehicle is braked; 
20 c: the motor vehicle is running on rough terrain; 

d: the lateral acceleration of the motor vehicle is 

not within a predetermined range; 

e: the steering angle is not in a predetermined 

range; 

25 f: the longitudinal acceleration of the motor ve- 
hicle is not within a predetermined range; and 
g: the engine output torque is not within a pre- 
determined range. 
Given the above conditions a, b, c, d, e, f, g, 

30 the system can determine pneumatic tire pressures 
highly accurately and reliably. 

Since a reduction in pneumatic tire pressures 
is determined by the first and second pressure 
reduction determining circuits 35, 36 based on the 

35 first and second ratios K1, K2 the pneumatic tire 
pressure determining system can avoid problems 
which would otherwise occur if it were determined 
by only one of the first and second pressure reduc- 
tion determining circuits 35, 36. Therefore, the 

40 pneumatic tire pressure determining system is ca- 
pable of determining pneumatic tire pressures 
highly accurately even while the motor vehicle is 
making a turn or running straight when the steering 
system tends to suffer a mechanical error. 

45 Inasmuch as the first and second ratios K1, K2 

are varied depending on the running condition of 
the motor vehicle, the pneumatic tire pressure de- 
termining system can determine pneumatic tire 
pressures highly accurately for increased reliability 

so even when the running condition of the motor ve- 
hicle varies. 

If one of the inhibit conditions is satisfied, the 
pneumatic tire pressure determining system does 
not determine pneumatic tire pressures. The accu- 
55 racy of operation of the pneumatic tire pressures is 
therefore increased for higher reliability. 

The system according to the present invention 
has been illustrated as being incorporated in a 

5 



9 



EP 0 650 856 A1 



10 



rear-wheel-drive motor vehicle. However, the princi- 
ples of the present invention are also applicable to 
a front-wheel-drive motor vehicle by switching ar- 
ound the front wheel sensor's 16FL, 16FR and the 
rear wheel sensors 16RL, 16RR. 

Although there has been described what is at 
present considered to be the preferred embodi- 
ment of the invention, it will be understood that the 
invention may be embodied in other specific forms 
without departing from the essential characteristics 
thereof. The present embodiment is therefore to be 
considered in alt respects as illustrative, and not 
restrictive. The scope of the invention is indicated 
by the appended claims rather than by the fore- 
going description. 

Claims 

1. A system for determining a pneumatic tire 
pressure of road wheels on a motor vehicle, 
comprising: 

first differential speed means for detecting 
a front rotational speed difference between ro- 
tational speeds of front left and right road 
wheels of the motor vehicle; 

second differential speed means for de- 
tecting a rear rotational speed difference be- 
tween rotational speeds of rear left and right 
road wheels of the motor vehicle; 

running condition detecting means for de- 
tecting a running condition of the motor ve- 
hicle; 

reference differential speed calculating 
means for calculating a reference rotational 
speed difference between rotational speeds of 
the front left and right road wheels based on 
an output signal from said third means; 

first pressure reduction determining means 
for comparing said front rotational speed dif- 
ference and said rear rotational speed differ- 
ence to determine a pneumatic tire pressure 
reduction of said front left and right road 
wheels or said rear left and right road wheels; 

second pressure reduction determining 
means for comparing said front rotational 
speed difference or said rear rotational speed 
difference and said reference rotational speed 
difference to determine a pneumatic tire pres- 
sure reduction of one of said front left and right 
road wheels or said rear left and right road 
wheels; and 

final pressure reduction determining 
means for determining a pneumatic tire pres- 
sure reduction from output signals from said 
first pressure reduction determining means and 
said second pressure reduction determining 
means based on a first ratio in said first pres- 
sure reduction determining means and a sec- 



ond ratio in said second pressure reduction 
determining means. 

2. A system according to claim 1, further com- 
5 prising ratio varying means for varying said 

first ratio and said second ratio based on the 
running condition detected by said running 
condition detecting means. 

io 3. A system according to claim 1, further com- 
prising inhibit means for disabling said first 
pressure reduction determining means, said 
second pressure reduction determining means, 
and said final pressure reduction determining 
is means if at least one of the following con- 

ditions a, b, c, d, e, f, g is satisfied: 
a: the motor vehicle is not running; 
b: the motor vehicle is braked; 
c: the motor vehicle is running on rough 
20 terrain; 

d: a lateral acceleration of the motor vehicle 
is not within a predetermined range; 
e: a steering angle of the motor vehicle is 
not in a predetermined range; 
25 f: a longitudinal acceleration of the motor 

vehicle is not within a predetermined range; 
and 

g: an engine output torque of the motor 
vehicle is not within a predetermined range. 

30 
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